DISCLAIMER

gency of the United Slllﬂll
thereof, nor any of their

as an sccount of work sponsored by an a :
States Governmen! nor any Sgeacy

United

employecs. makes any warranly, cKpress

This rerort was prepared
Government. Neither the

Los Alamos

NATIONAL LABORATORY

n A

o =

LA-UR-

ratus, product, of
ed rights. Refer-

y owned rig

al lisbility or responsi-
agency thereof. The vicws

leg
formation, appa
siate or reflect those of the

id not infringe privatel

jtute or imply its €
r any
ly

or assumes any

or implied, .
fulness of any in
reof.

herein do not nececssari
agency the

v s United States Government 0

pletencas, or use
pressed

bility for the accuracy, com
mendation, or favoring by

and opinions of authors cx
United States Government of any

-3510

Title:

Author(s):

Submitted to:

CU!\Q CQYCY YA --2

DYNAMICS AND VARIABILITY OF THE PLASMASPHERE OBSERVED
FROM SYNCHRONOUS ORBIT

Mark B. Moldwin
Michelle F. Thomsen
David J, McComas
Geoff D. Reeves

Proceedings of the 10th Taos Workshop on the
Earth's Trapped Particle Environment

MASTI

Los Alamos National Laboralory, an a!' rmative action/equal opportunity amployer, 18 operated by the University of California for the U.S. Department of Energy
under contract W-7405-ENG-36. By ar-:eptance of this anicle, thr publisher recogrizes that the U S. Government retains a nonexclusiva, royalty-frae license to
publish or reproduce the publishe for- of this contribution, or lo allow others to do s0, lor U S. Govarnment purposer. The Los Alamog National Laboratory

requests thal the publisher identify this irticie as work performed ul

r the suspices of the U.S. Depariment of Energy.
HTINM NF THIR NACIMENY IR NNHIMITEN

>

il Form No. 838 RS


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Dynamics and Variability of the Plasmasphere Observed from
Synchronous Orbit

Mark B. Moldwin !, Michelle F. Thomsen, David J. McComas,
and Geoff D. Reeves

Space and Aimospheric Sciences Group, Los Alames National Laboratory. Los Alamos. New Mexico

Abstract. The behavior of the cold ions in the outer piasmasphere is studied using data obtained
with the magnetospheric plasma analyzers from multiple geosynchronous satellites. Dense (10-
100 cm-3). cold (=1 eV) regions of plasma are often abserved at geosynchronous orbit; in this
study we refer to these as plasmaspheric intervals. The durntion, local time of observation,
density variability, and temperature behavior within these regions often depend in a systematic
way on geomagnetic and substorm activity. With increasing geomagnetic activity (as indicated
by Kp) the plasmaspheric regions are generally observed over shorter durations and at earlier
local times. With increasing substorm activity (as indicated by geosynchronous energetic
electron injections) the density becomes increasingly variable in these regions. Occasionally, up
to order-of-magnitude density variations are observed over several minute timescales
corresponding to regions with physical dimensions on the order of 1000 km or less. The
appearance of these short-duration, cold-plasma intervals is strongly correlated with energetic
ion and electron signatures both at the spacecraft making the plasmaspheric observations and at
other spacecraft observing simultanec 1sly in the midnight region. Such energetic particle
signatures are indicative of the growth «nd expansive phase of geomagnetic substorms. We
conclude that the appearance of these short-duration, plasmaspheric intervals is due to a
reconfiguration of the duskside magnetosphere during geomagnetic substorms.

Iatroduction

The densily structurc ol the plasmasphere has been studicd
extensively ~ince the beginning of the Space Age. The carly in
situ swudics [Gringauz, 1962] and ground-based whistler studies
[C-trpenter, 1963) of the radial extent of the plasmasphere
revealed local time asymmctrics in both the noon-nudnight and
dawn-dusk directions. The duskside plasmasphere wias shown Lo
be more highly variable in radial extent, and on average Lo extend
further out in L-shell. This region became known as the duskside
bulge. Subscquent studies of this region found that the entire
plasmasphere, including the bulge region, was larger when Kp
was small and vice versa {c.g.. Carpenter et al., 1966, 1970]. The
local-time of the bulge region moved rom post-dusk during quict
times towards noon with increasing levels of geomagnetic
activity. Nishida |1966) theoretically studied the plasmaspheric
balge region by examining the equipotentials (or flow lines of
zero energy particles) in the inner magnetosphere by superposing
the corotation clectrie ficld with a dawn-dusk convection clectric
ficld. The resulting teardrop shaped “plasmapausc™ with its apex
at the stagnation region al 1800 LT has been the first-order
paradigm of the plasmapause location ever since, This is despite
numerous studies (see Carpenter ¢t al., [ 1993] Tor relerences)
that showed the plasmasphere. particularly the duskside bulge,
was nol well explained by this simple model.
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This paper will briefly present some observations made with
an unique suite of low-eiergy plasma analyzers that are currently
ficlded on three synchronous orbit spacecraft. This study will also
make use of energetic particle measurements oblained by the
sdme salellite, plus four other synchronous spacecraft. The
combination of these multiple synchronous spacecraft datasels
crealcs a unique capability 1o monitor tke duskside uulge
configuration on a quasi-global scale as a function of changing
geomagnelic and substorm coiditions. Much of the work that we
presented at thc 10th Taos worl :hop on the Earth’s Trapped
Radiation Environment has been published clsewhere (McComa-
et ul., 1993; Moldwin et al., 1994a,b). This short paper will
briefly summarize some of the results contained in those works
and will highlight the main result of the lalk (the relationship
between the enrc:gelic particle Mux behavior and the appearance
of plasmaspheric plasma at synchronous orbit). A more detailed
study of this lopic is in preparation for submission o the
Greophysical Research Letters.

Observations

This study uses data from the magnctospheric plasma
analyzers (MPA) that are currently ficlded on three synchronous
spacecraft (1989-046, 1990-095, and 1991-080). We will only
present results from 1989-046 (located m 165°W) and 1990-(0S
(located between 70° and 102°E). A complete description of the
MPA instruments is given by Bame et al. [1993]. We also utilize
the energetic particle data obtained with the synchronous orbit
particle analyzers (SOPA) ficlded on the same three satellites. In
addition, we usc cnergelic particle measurements from the
charged particle analyzers (CPA) located on two other
synchronous spacccralt. Details of these instruments arc given by
Belian et al. [1992] and Highie et al. | 1978]. respectively.
Combining MPA and SOPA (or CPA) observalions provides
measurements of hoth ions and electrons over the encrgy range of
approximately | eV 1o several McV.

We use MPA measurcments 1o identify plasmaspheric
intervals, which we define as being piasma that is both dense
>10 cm‘3) and ¢old (=1 ¢V). Figurc | shows the densuy and
temperaiure profiles lor a pliusmaspheric interval aobserved on
April 19, 1993, with spacceralt 1987-046. There is generally an
inverse corrclation between the number dentity and the
temperalure of the low-energy ioas: namecly, the: higher the
density, the cooler the temperature. This relationsaip fas been
compiired (o predictions for the ion-cyclotron instability by Gary
et al. [1994]. We also find that the variability in G c density in
these plasmaspheric intervals is correlated wila increasing
geomagnetic activity (as indicated by Kp,. and i particular with
individual substorm activity |Moldwin et al.. 1994b}. This
relationship is shown in Figure 2. which plots the parameter Var
(the point-to-point density variability within an interval) as a
function of Kp The temporal variability in the density can be
converted 1o a spatial scale it we estimale the velocity at which
these stractures pass the spacecraft, Using typical duskside
velocities measured with electric ficld measurements in the
plasmaspheric bulge region (3 km g \Banmjohann et al. 1985)),
these dense plasma regions have lengths <1000 km.



We also find a systematic behavior ol the energelic ions and
electrons during the short-duration plasmaspheric events. Figure
3 shows the cnergelic ion and clectron fluxes for the same
interval shown in Figure 1. The interval of plasmasg.-cric plasma
is indicated by the vertical lines. Plasmaspheric plasma is
observed in the flux decline preceding an enereetic particle
injection. The exit from the plasmasphere occurs ~20 minules
before the injection. The beginning of the dropout of cnergetic
particles at gcosynchronous orbil has been intzrpreted as the
beginning of the growth phase of a geomagnetic substorm [e.g..
Baker and McPherron. 1991] while the simullaneous injection of
both ions and electrons in the midnight region signals the onset of
a substorm |e.g.. Suuvaud and Winckler, 1980].

The time of substorm onset is compared to the entry and exit
times of the plasmaspheric intervals in Figure 4. Entry (circles) or
exit (diamonds) limes coincident with the substorm onset would
lic on the diagonal linc. The plasmaspheric intervals were
typically entered approximately an hour prior to suhslorm onset
a id were left approximately a hall hour after nnset. Of these 15
intcrvals with no morc than one onset within 1 hour of the
interval. only oune did not have o clear substorm signature. This
dcinonstrates that the short-duriation, plasmaspheric intervals are
highly correlated with substorm activity. For the 2 evenls thal
observed the plasmaspheric interval in the injection region
(Figures | and 3 show onc of these two cvents), the intzrvals
occurred during the growth phase of the substorm.

Interprctation and Conclusions

We interprel the strong corrclation of the short-duration.
plasmaspheric intervals with substorm signatures ir the energelic
particles as signilying that the plasmaspheric regions observed in
the outer magnetospherc arc brought out beyond synchrenous
orbit by a reconfiguration ol the duskside magneiosphere during
the substorm sequence. Thermal ion motion is governcd by ExB
drift; therelore. an outward motion of a filled plasmaspheric flux
tube requires an castward clectric field within the plasmasphere.
During the growth phase ol a gcomagnetic substorm, an castward
induction electric field is generated in the midnight region duc lo
the carthward motion of the plasma sicet/current sheet that
“stretiches” the dipole (ield into a more tail-like confliguration
le.g.. McPherron, 1970]. Mugnetic field line stretching and the
accompanied energetic electron decrease has been systematically
observed to extend from the midnight region to noonward of dusk
during large substorms [Nugai, 1982a.bj. Eastward clectric ficlds
have also been deduced from whistler measurcinents in the
duskside bulge region during the substorin sequence [c.g.. Purks,
1978: Carpenter et al.. 1979]. Therefore, the duskside bulge
region is apparently populated by detached plasma regiuns [e.g..
Chappell, 1974], or plasma tails |c.g.. Maynard and Chen, 1975].
or is charicterized by a large-scale, rapid “breathing™ of the
duskside plasmasphere which is generated by tie reconfiguration
of the inncr magnctosphere during the prowth phase of
geomagnetic substorms, Density variability within these regions
is also imposed by the substorm clectric fields.
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Figure 1. The densily and iemperature of the low-cnergy (1-120 ¢V) jons uiserved with 1989-04€ on April 19,
1993. The interval of plasmaspheric plasma extended from ~094) UT ta ~ 1000 (T

Figure 2. The relationship ol the dens.ty variation within the plasmaspheric intcavals (as indicaled by the
parameter Var [Moldw.n et al., 1994b]) and the level of geoma: sictic activily as indicated by Kp.

Figure 3. The encrgetic clectron (E ~ 50 - 300 k. V) and ion (E~ 50 - 200 \¢V) behavior during the same interval
as shown in Figure 1. The vertical lines designate tne time of the plasmaspheric interval.

Figure 4. The cntry (circles) and cxil (diamonds) times ol the short-duration plasmaspheric intervals plotted as o
function of the time of substorm onsel as determined (rom energetic clectron or fon injections observed at
synchronous orbil.

Figure 1. The density ard temperature of the low-cnergy (1-120
eV) ions observed with 1989-046 on April 19, 1993, The interval
of plasmaspheric plasma extended from ~(940 UT to ~10(00
UT..

Figure 2. The relationship of the density variation within the
plasmaspheric intervals (as indicated by the parameter Var
|Moldwin et al., 1994b]) and the level of gecomagnetic activily as
indicated by Kp.

Figure 3. The energetic electron (E ~ 50 - 300 keV) and ion
(E~50 - 200 ke V) behavior during the same inmerval as shown in
IFigure 1. The vertical lines designate the time of the
plasmaspheric interval.

Figure 4. The cntry (circles) and cxit (Jiamonds) times of the
short-duration plasmarpheric intervals plotied as a function of the
time of substorm onsel &5 determined from energetic electron or
ion injections observed at synchronous orbil.
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